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Summary  Compared  with  truly  negative  cultures,  false  positive  blood  cultures
(BCs)  not  only  increase  laboratory  work  but  also  prolong  the  lengths  of  patient
stays,  which  are  likely  to  increase  patient  morbidity  and  costs.  The  present  study
aimed  to  evaluate  the  effectiveness  of  a  hospital-wide  educational  intervention
on  BC  contamination  rates.  Nurses  performed  all  phlebotomies;  therefore,  educa-
tional  workshops  were  offered  to  all  nurses  twice  a  week  over  a  3-month  period.
The  workshops  consisted  of  a questionnaire,  PowerPoint  presentation,  video  show,
demonstration  of  the  different  materials  used  to  collect  BCs,  and  question  session.
Data  from  the  questionnaires  and  laboratory  culture  results  were  compared  between
the  6-month  pre-  and  post-intervention  periods.  Of  the  503  eligible  nurses,  216
(42.9%)  attended  the  workshops.  The  survey  identiﬁed  areas  for  improvement,  which
included  time  of  disinfectant  application,  volume  of  blood  to  be  cultured,  and
disinfection  of  BC  bottle  tops.  Of  the  9903  BC  sets  that  were  drawn  from  3649
patients  during  the  study  period,  676  (6.8%)  were  contaminated.  The  monthly  BC
contamination  rates  for  the  6-month  pre-  and  post-intervention  periods  were  8.1%
and  5.2%,  respectively,  representing  a 36%  reduction  (P  =  0.008).  Only  three  wards
had  an  acceptable  contamination  rate  of  ≤3%  before  the  intervention,  compared
with  eight  wards  after  the  intervention.  While  contamination  of  BCs  can  never  be
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lood  cultures  (BCs)  have  an  important  role  in  the
iagnosis  of  serious  infections  and  are  useful  for
herapeutic  decisions.  However,  contamination  of
Cs (i.e.,  false  positive  BCs)  is a  common  prob-
em within  the  hospital  setting  [1]  and  represent  up
o half  of  all  positive  BCs  [2,3]. In  the  majority  of
ases, false-positive  BCs  are  the  result  of  contam-
nation from  faulty  aseptic  techniques;  therefore,
any cases  are  preventable.  Contamination  occurs
rom the  introduction  of  organisms  that  originate
utside the  bloodstream  (e.g.,  skin  or  environment)
nto the  blood  sample  obtained  for  culture  [4].
hile target  rates  for  contamination  have  been  set
t 2—3%  [4,5],  actual  rates  seem  to  vary  widely
etween institutions,  from  as  little  as  0.6%  to  >6%
6].
False  positive  BCs  can  lead  to  errors  in  clini-
al interpretation  and  signiﬁcantly  impact  patients,
ospital  staff,  and  health  care  costs  [7]. Several
tudies  have  shown  that  false  positive  cultures  are
ssociated  with  unnecessary  antimicrobial  use  and
he need  for  additional  cultures  and  other  diag-
ostic tests,  leading  to  unnecessarily  prolonged
ospital stays  and  signiﬁcant  additional  hospital
osts [2,8—10].  These  ﬁndings  highlight  the  need
o improve  the  standard  BC  collection  technique,
hereby improving  both  the  quality  of  patient  care
nd resource  use.  Several  techniques  have  been
mployed  to  minimize  the  risk  of  BC  contamination,
ncluding the  use  of  speciﬁc  disinfection  materials
3,7],  educational  interventions  [3,9,11],  collec-
ion from  separate  venipuncture  sites  [8,10], use
f the  outmoded  double-needle  technique  [10],
nd reliance  on  specially  trained  staff  or  dedi-
ated  phlebotomists  [3,10,12,13].  However,  given
hat none  of  the  currently  available  skin  disinfec-
ants are  able  to  eliminate  all  bacteria,  a  zero  or
ven close  to  zero  BC  contamination  rate  is  not
ossible  to  achieve  [14]. The  aims  of  the  present
tudy were  to  assess  the  degree  of  BC  contamina-
ion and  to  examine  the  effect  of  a  hospital-wide,
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ulti-approach  educational  intervention  on  con-
amination  rates.
aterials and methods
etting
his  quality  assurance  study  was  performed  at  Qatif
entral Hospital,  a district  general  hospital  with
35 beds  serving  a  population  of  more  than  500,000.
he hospital  provides  all  acute,  general  medical,
nd surgical  services;  supports  a  range  of  outpatient
acilities;  and  acts  as  a center  for  the  coordination
f health  service  provision  throughout  a deﬁned
eographical area  in  the  Eastern  Province,  Saudi
rabia. The  study  included  units  from  all  services
ffering  in-patient  care  and  emergency  depart-
ents (EDs).  All  BCs  were  collected  by  staff  nurses
n all  services,  including  neonatal  units,  and  when  a
atheter-drawn  BC  was  indicated,  nurses  also  col-
ected these  from  the  lines.
There were  503  practicing  nurses  during  the  edu-
ational  intervention  phase  of  the  study.  There
as no  written  protocol  for  BC  collection  prior  to
tudy commencement,  and  new  nurses  received
nstructions from  their  senior  peers  and  not  through
 training  program.  BC  contamination  rates  were
ot routinely  monitored  at  our  institution,  and
urses had  no  information  about  the  monthly
ontamination  rates.  This  quality  improvement
roject was  reviewed  and  approved  by  the  Insti-
utional  Review  Board,  Education  and  Research
entre.
lood culture processing
he  BACTECTM 9240  BC  system  (Becton-Dickinson,
iyadh,  Saudi  Arabia)  was  used  for  all  BCs.  Blood
rawn  from  a single  venipuncture  was  regarded
s a single  set  regardless  of  how  many  BC  bottles
ere inoculated;  routinely,  this  includes  an  aer-
bic and  an  anaerobic  bottle  for  adults,  with  or
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without  resins  depending  on  whether  the  patient
is receiving  antibiotics.  It  was  standard  practice  to
collect one  set  from  the  peripheral  vein  and  the
other set  from  the  central  line  for  patients  with  a
central venous  catheter.  Each  BC  was  kept  in  the
system  for  5 days  before  pulling  it  as  a  negative,
and all  positive  cultures  were  identiﬁed  following
standard microbiological  procedures.  Cultures  from
patients with  suspected  endocarditis,  heart  lesions,
or prosthesis  or  from  patients  suspected  to  have
brucellosis were  extended  to  21  days.
Deﬁnition of contamination
For  the  purpose  of  this  study,  the  following  crite-
ria for  differentiating  likely  true  bacteremia  from
contamination  were  developed  in  the  laboratory:
(1) identity  of  the  organism,  (2)  number  of  orga-
nisms  cultured,  (3)  number  of  positive  BC  sets,  (4)
number of  positive  BC  bottles  within  a  BC  set,  (5)
time to  growth,  and  (6)  source  of  cultures  (catheter
drawn vs.  percutaneous)  [6]. BCs  were  considered
to be  contaminated  if  microorganisms  derived  from
common  skin  ﬂora  were  cultured  in  only  one  of
a series  of  BCs:  Corynebacterium  spp.,  Bacillus
spp., Propionibacterium  spp.,  viridians  strepto-
cocci,  Micrococcus  spp.,  and  coagulase-negative
Staphylococcus  spp.  (CoNS)  [10].  Culture  sets  in
which only  one  of  four  bottles  or  two  of  four  bot-
tles (one  set)  were  positive  were  analyzed.  These
included  BCs  with  a  potential  pathogen  in  addi-
tion to  a  contaminant.  Polymicrobial  cultures  with
more than  one  contaminant  species  were  counted
as a  single  contaminated  BC  [15].  Cultures  in  which
three of  four  or  four  of  four  bottles  were  positive
were not  considered  contaminated  for  the  purposes
of this  study.
The presence  of  CoNS  was  closely  monitored
because it  might  represent  true  infection.  Antimi-
crobial  susceptibility  testing  was  performed  on
all CoNS  isolates  grown  from  bottles  drawn  from
separate  venipunctures.  Those  with  discordant  sus-
ceptibilities  were  classiﬁed  as  contaminants.  In
addition,  other  clinical  and  laboratory  clues  were
used to  predict  likely  true  bacteremia,  including
fever or  hypothermia  (and  other  signs  of  sepsis),
leukocytosis or  leucopenia,  hypotension,  or  high
C-reactive  protein  (CRP)  levels  [6,14].  The  contami-
nation  rate  was  determined  by  dividing  the  number
of contaminated  cultures  by  the  total  number  of
cultures  collected.Intervention
A  hospital-wide  multi-approach  educational  inter-
vention  was  conducted  in  February,  March,  and
w
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pril  2012.  During  the  intervention  period,  work-
hops developed  by  the  Microbiology  Laboratory
nd Infection  Control  Section  were  offered  to  all
urses and  conducted  twice  a week.  Nurses  attend-
ng were  pre-registered  in  a  list  so  as  not  to
isturb the  service.  In order  to  assess  the  level  of
nowledge  of  correct  BC  practice  among  nurses,
 questionnaire  with  multiple-choice  best  answers
as developed.  Nurses  attending  were  asked  to
omplete  the  questionnaire  at  the  beginning  of
ach workshop,  followed  by  a PowerPoint  (Microsoft
orporation, Redmond,  WA,  USA)  presentation,
ideo, demonstration  of  the  different  materials
sed to  collect  BCs,  and  question  session.  Ques-
ions in  the  survey  directly  targeted  all  techniques
sed for  the  collection  of  BCs,  both  peripherally
nd from  central  lines.  The  PowerPoint  presenta-
ion started  with  clinical  scenarios  of  consequences
f BC  contamination,  followed  by  a summary  of
dverse outcomes  and  detailed  instruction  on  how
o conduct  BC  collection  aseptically.  The  5-minute
ideo,  provided  by  Becton  Dickenson  (Riyadh,
audi Arabia),  covered  all  aspects  of  the  asep-
ic technique  using  the  BD  Vacutainer® system.
ach workshop  ended  with  a  demonstration  of
he materials  used  to  collect  blood  for  culture
nd questions.  Each  session  lasted  for  approx-
mately 30  min  and  included  no  more  than  20
urses.
In addition,  current  best  practices  for  BC  col-
ection were  reviewed,  and  a detailed  guidance
rotocol was  developed  and  distributed  near  the
nd of  the  intervention  period.  In  brief,  the  guid-
nce (4-page  document)  recommends  that  the
enipuncture  site  be  disinfected  ﬁrst  with  70%  iso-
ropyl alcohol,  in  concentric  circles  beginning  at
he center  of  the  site,  followed  by  10%  povidone-
odine, again  in  concentric  circles;  then,  it  should
e allowed  to  air  dry  for  1.5—2  min  before  venesec-
ion.
From the  MedicaPlusTM Hospital  Information  Sys-
em (Riyadh,  Saudi  Arabia),  it  was  possible  to
ompile  data  regarding  the  individuals  collecting
he BCs,  time  the  specimens  were  taken,  and  when
hese specimens  were  received  in  the  laboratory.
s a supportive  measure,  some  nurses  were  con-
acted  on  a random  basis  regarding  contaminated
Cs. Oral  discussions  were  informal,  non-punitive,
nd focused  on  the  guidance  protocol  to ensure
heir awareness  and  compliance  with  the  recom-
ended instructions  from  both  the  workshops  and
uidance document.
Data  were  reviewed,  and  contamination  rates
ere calculated  for  each  nursing  unit  over  a
eriod of  16  months  (from  July  2011  to  October
012), including  7  months  pre-intervention,  the
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Table  1  Results  of  audit  questionnaires  along  with  best  practice.
No.  (%)  Best  practice
Antiseptic  used
Use  of  2%  chlorhexidine  in  70%
isopropyl  alcohol  impregnated  swab  or
70%  isopropyl  alcohol  followed  by  10%
povidone-iodine.
Alcohol  22  (10.2)
Povidone-iodine  21  (9.7)
Alcohol  followed  by  povidone-iodine 169  (78.2)
Chlorhexidine  3  (1.4)
Not  speciﬁed 1  (0.47)
Application  time Allow  the  skin  to  dry  if  2%
chlorhexidine  in  70%  isopropyl  alcohol
is  used  or  wait  1.5  to  2  minutes  if  70%
isopropyl  alcohol  followed  by  10%
povidone-iodine  is  used.
30  s  120  (55.6)
1  min  45  (20.8)
1.5  min  3  (1.4)
2  min  48  (22.2)
Disinfection  of  the  top  of  blood  culture  bottle Disinfect  the  top  of  blood  culture
bottle  with  a  2%  chlorhexidine  in  70%
isopropyl  alcohol  impregnated  swab  or
70%  isopropyl  alcohol  swab.
No  59  (27.3)
Yes  154  (71.3)
Not  speciﬁed  3  (1.4)
Technique  used
It is  acceptable  to  use  either
vacutainer  or  needle  and  syringe,  but
it  is  not  recommended  to  use
double-needle  technique.
Vacutainer  35  (16.2)
Needle  and  syringe  178  (82.4)
Single  needle  69  (38.8)
Double  needle  109  (61.2)
Not  speciﬁed  3  (1.4)
Volume  of  blood  from  adult
Follow  manufacturer’s
recommendations.  Mostly,  8—10  ml  for
each  bottle.
8—10  ml  for  aerobic  and  5—7  for  anaerobic 38  (17.6)
8—10  ml  for  each  bottle 92  (42.6)
5  ml  each  bottle 29  (13.4)
Depending  on  patient’s  condition 27  (12.5)
Not  speciﬁed/N.A 30  (13.9)
Volume  of  blood  from  pediatric
Follow  manufacturer’s
recommendations.  Normally,
according  to  patient’s  age/weight.
1—3  ml  106  (49.1)
5—7  ml  10  (4.6)
8—10  ml  7  (3.2)
According  to  patient’s  age/weight  64  (29.6)
Not  speciﬁed/N.A  29  (13.4)
When  do  you  collect  blood  culture
Ideally,  blood  culture  should  be
collected  with  the  spike  of
temperature  and  before  prescribing
antibiotic.
When  free  3  (1.4)
Within  15  min  of  physician’s  order  144  (66.7)
With  the  spike  of  temperature  (if  ordered)  54  (25.0)
Wait  until  other  tests  are  ordered  10  (4.6)
Not  speciﬁed  5  (2.3)
If  two  sets  requested,  collect
Collect  two  sets  of  culture  at  the
same  time  obtained  from  two
different  venipunctures.
Both  at  the  same  time  69  (31.9)
30  min  apart  116  (53.7)
Within  24  hours  11  (5.1)
N.A  10  (4.6)
Not  speciﬁed  10  (4.6)
Do  you  disinfect  catheter  port  before  access
Use 2%  chlorhexidine  in  70%  isopropyl
alcohol  impregnated  swab  or  70%
isopropyl  alcohol  swab.
No  57  (26.4)
Yes  142  (65.7)
Iodine  41  (28.9)
Alcohol  72  (50.7)
Normal  saline 11  (7.7)
Not  speciﬁed 18  (12.7)
Not  speciﬁed  17  (7.9)
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Table  1  (Continued)
No.  (%)  Best  practice
Do  you  wear  gloves
Wash  and  dry  hands  and  apply  clean
examination  gloves.
Yes  203  (94.0)
No  3  (1.4)
If  patient  on  isolation  3  (1.4)
If  MDR  positive  patient  2  (0.92)
Not  speciﬁed  5  (2.3)
3-month  intervention  period,  and  6 months  post-
intervention.  The  data  from  the  questionnaires
and laboratory  culture  results  from  the  BCs  were
analyzed  using  standard  methods  and  compared
between the  pre-  and  post-intervention  periods.  P
value was  calculated  using  the  SPSS  statistical  soft-
ware package  for  windows,  version  15.  Feedback
was provided  to  all  wards  for  attention,  informa-
tion, and  actions  for  improvement.
Results
Of  503  eligible  nurses,  216  (42.9%)  attended  the
workshops,  with  an  average  of  10  nurses  in  each
session. The  attendance  rates  from  critical  areas
ranged  from  45%  (pediatric  intensive  care  unit
[PICU]) to  71%  (cardiac  care  unit  [CCU]);  49%  of  the
adult ICU  staff  attended.  Lower  attendance  rates
were noted  for  medical  wards  (less  than  one  third)
and male  surgical  wards  (40%).  Table  1  summarizes
the responses  provided  by  the  nurses  who  attended
the workshops  in  addition  to  the  best  practice  for
each technique.
Results  of  all  BCs  collected  during  the  study
period are  presented  in  Table  2. Overall,  676  (6.8%)
of the  collected  BCs  were  contaminated,  account-
ing for  30%  (676/2233)  of  the  total  number  of
Table  2  Results  of  all  blood  cultures  collected  during
the  study  period.
Blood  cultures  No.  (%)  No.  of  patients  (%)
Positive
cultures
2233  (22.5)  1035  (28.4)
Likely  to  be
true  bac-
teremia
1557  (15.7)  725  (19.9)
Likely  to  be
contami-
nation
676  (6.8)  310  (8.5)
Negative
cultures
7675  (77.5)  2614  (71.6)
Total  9903  3649
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rositive  cultures.  The  total  number  of  BCs  col-
ected each  month  ranged  from  487  to  806  (mean,
19). The  average  contamination  rate  for  the  6-
onthpre-intervention  period  was  8.1%,  compared
ith 5.2%  for  the  6-monthpost-intervention  period,
esulting  in  a 36%  reduction  (P  =  0.008)  (Fig.  1).
Table  3  includes  the  pre-  and  post-intervention
ontamination  rates  in  each  ward,  total  number  of
Cs collected,  and  number  of  staff  who  attended
he workshops.  Only  three  wards  had  an  acceptable
ontamination rate  (≤3%)pre-intervention,  com-
ared with  eight  wards  post-intervention.  The
ntermediate  intensive  care  unit  (IICU),  cardiac
are unit  (CCU),  pediatric  medical  ward  (PMW),
nd female  surgical  wards  (FSWs)  had  signiﬁcant
mprovements in  the  contamination  rate,  which
ad decreased  to  approximately  ≤3%.  These  wards
ad good  attendance  at the  workshops  (>40%).
n comparison,  only  eight  (10.1%)  staff  members
rom the  ED  attended  the  workshops,  and  the  con-
amination  rate  increased  in  the  post-intervention
eriod. The  overall  contamination  rate  for  the  1354
Cs collected  from  the  critical  care  units  in  the
re-intervention  period  was  7.5%  (0.7—16%).  In  con-
rast, the  overall  contamination  rate  for  the  1171
Cs collected  in  the  post-intervention  period  was
.6% (0—7.4%).  In  the  ED  and  inpatient  settings,  11%
23/211) and  6.6%  (463/6993),  respectively,  of  the
Cs were  classiﬁed  as  contaminated.
The most  common  microorganisms  recovered
rom the  BCs  during  the  study  are  shown  in  Table  4.
ore than  one  bacterial  species  was  present  in  98
f 9903  BCs  (∼1%).  At  least  one  bacterial  contami-
ant was  recovered  from  the  majority  (74%)  of  the
ixed cultures.  Table  5  shows  the  microorganisms
hat commonly  contaminated  the  BCs.
iscussion
ccurate  BC  results  are  essential  for  providing  safe,
imely, effective,  and  efﬁcient  care  for  patients
ith serious  infections.  However,  interpretation  of
C results  might  be  complicated  by  the  occur-
ence of  contaminants,  which  signiﬁcantly  impacts
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Table  3  Ward-speciﬁc  contamination  rate  over  periods  of  six  months  before  (August  to  January)  and  after  (May  to  October)  the  intervention.
Warda Total
number  of
staff
Number  of
staff  attended
(%)
Total  blood  cultures  collected  (%)  Contamination  (%) % Difference  in
contamination
ratePre-intervention Post-intervention Pre-intervention Post-intervention
ICU  35  17  (48.6) 424  (11.3)  392  (11.3)  57  (13.4)  29  (7.4)  −44.7
IICU  24  15  (62.5) 94  (2.5) 85  (2.5)  15  (16.0)  2  (2.4)  −85.0
CCU  17  12  (70.6) 152  (4.1) 99  (2.9) 8  (5.3)  0  (0)  −100
SCBU  54  32  (59.3) 458  (12.2) 393  (11.3) 3  (0.7) 2  (0.5)  −28.0
PICU  31  14  (45.2) 226  (6.1) 202  (5.8) 19  (8.4) 9  (4.5) −46.4
PMW  38  17  (44.7) 359  (9.6) 424  (12.2) 19  (5.3) 13  (3.1) −41.5
FMW  30  9  (30.0)  658  (17.6)  698  (20.2)  73  (11.1)  42  (6.0)  −45.9
FSW  32  29  (90.6)  118  (3.2)  52  (1.5)  11  (9.3)  1  (1.9)  −79.5
MMW  34  9  (26.5)  863  (23.1)  774  (22.3)  80  (9.3)  60  (7.8)  −16.1
MSW  43  17  (39.5)  87  (2.3)  54  (1.6)  8  (9.2)  7  (13.1)  +42.4
OBW  38  26  (68.4)  43  (1.2)  25  (0.7)  1  (2.3)  0  (0)  −100
Burns  11  11  (100)  5  (0.1)  18  (0.5)  1  (20)  0  (0)  NRb
RDU  37  0  (0.0)  122  (3.3)  168  (4.8)  1  (0.8)  2  (1.2)  +50
ED  79  8  (10.1)  131  (3.5)  80  (2.3)  10  (7.6)  13  (16.2)  +113
Total  (%)  503  216  (42.9)  3740  3464  306  (8.1)  180  (5.2)  −35.8
a ICU, intensive care unit; IICU, intermediate-intensive care unit; CCU, cardiac care unit; SCBU, special care baby unit; PICU, pediatric intensive care unit; PMW, pediatric medical
ward; FMW, female medical ward; FSW, female surgical ward; MMW, male medical ward; MSW, male surgical ward; OBW, obstetrics & gynecology ward; RDU, renal dialysis unit; ED,
emergency department.
b NR, not reliable.
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Figure  1  Overall  contamination  rate  determined  on  a  monthly  basis  over  a  16  month  period.  Twice  weekly  workshops
took  place  from  February  to  April.
Table  4  Ten  most  common  microorganisms  recov-
ered  from  blood  cultures  during  the  study  period,  July
2011  to  October  2012.a
Organism  No.  (%)  of  isolates
CoNS  546  (24.4)
Escherichia  coli  162  (7.2)
Klebsiella  pneumoniae  157  (7.0)
Pseudomonas  aeruginosa  116  (5.2)
Acinetobacter  baumannii  109  (4.9)
Staphylococcus  aureus  106  (4.7)
Enterobacter  cloacae  83  (3.7)
Enterococcus  faecalis  58  (2.6)
Corynebacterium  spp.
(diphtheroids)
52  (2.3)
Proteus  mirabilis  48  (2.1)
Table  5  Microorganisms  commonly  contaminated
blood  cultures  during  the  study  period,  July  2011  to
October  2012.
Organism  No.  (%)  of  isolates
CoNS  466  (68.9)
Positive  cultures  with
inconsistent  organism  type
80  (11.8)
Corynebacterium  spp.  (other
than  C.  jeikeum)
58  (8.6)
Others  36  (5.3)
Bacillus  spp.  23  (3.4)
Micrococcus  spp.  5  (0.74)
Viridans  group  Streptococci  5  (0.74)
Propionibacterium  spp.  3  (0.44)
b
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pa A total of 9903 blood cultures investigated, with 2233
bacterial isolates.
hospitalized  patients  and  healthcare  costs.  Proper
disinfection  of  the  collection  site  is  the  single  most
important  step  in  preventing  false  positive  BCs.
Although  most  (78%)  of  the  nurses  at  our  institution
reported the  use  of  alcohol  and  povidone-iodine,
the majority  (75%)  did  not  allow  the  adequate  con-
tact time  of  1.5—2  min  for  the  maximal  antiseptic
effect [14].  In  addition,  some  nurses  incorrectly
believed that  the  stoppers  of  BC  bottles  are  sterile
and do  not  need  to  have  their  tops  cleaned,  which
can increase  the  opportunities  for  introduction  of
contaminants.
Adequate  sampling  volume  is the  single  most
important factor  for  detecting  a bloodstream
organism.  At  our  institution,  a  quarter  of  the
nurses collected  an  inadequate  volume  of  blood
from adults,  and  only  29%  collected  the  correct
h
m
bTotal  676
lood  volume  from  pediatric  patients,  based  on
ge/weight.  In  addition,  the  collection  of  multiple
Cs aids  in  the  clinical  interpretation  of  possible
alse positive  culture  results.  However,  the  nurses
ollected  the  BC  sets  30  min  apart  in  more  than  50%
f cases  when  two  BC  sets  were  requested,  mak-
ng it  difﬁcult  to  interpret  a positive  culture  in  one
et due  to  the  possibility  of  transient  bacteremia.
urthermore, 26%  of  nurses  did  not  report  any
eans of  disinfection  before  drawing  blood  from
ntravenous  catheters,  and  approximately  7%  used
ormal saline.  This  practice  is  associated  with  an
ncreased risk  of  healthcare-associated  infections
s well  as  contamination  of  BCs.  The  ﬁndings  of  the
resent study  might  reﬂect  practices  performed  in
ealthcare  settings  in  the  region,  suggesting  that
ost healthcare  institutions  do  not  comply  with
est practice  BC  collection  procedures.
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intervention  to  reduce  the  blood  culture  contamina
Although  it  is  recommended  that  target  rates
or BC  contamination  should  not  exceed  3%  [4,5],
he contamination  rate  in  many  institutions  actu-
lly exceeds  7%  [2,13,15,16], with  the  highest  rates
ound in  ED  settings.  Our  data  indicate  that  a  signif-
cant reduction  in  the  rate  of  BC  contamination  was
chieved  after  the  intervention;  however,  this  rate
as still  higher  than  the  acceptable  level.  There
as  a  general  correlation  between  the  attendance
ate and  amount  of  reduction  in  contamination  rate
or the  different  wards.  For  example,  the  contam-
nation rate  for  the  adult  critical  care  units  with
 58%  attendance  rate  decreased  from  11.9%  in
he pre-intervention  period  to  5.4%  in  the  post-
ntervention period,  representing  a  55%  reduction.
n contrast,  a  31%  reduction  (10%  pre-intervention
o 6.9%  post-intervention)  was  recorded  for  the
edical  wards,  with  a  28%  attendance  rate.  While
 relatively  small  percentage  of  all  BCs  are  con-
aminated, it  represents  a  large  proportion  of all
ositive  results  and  therefore  has  been  recognized
s an  important  quality  problem  for  decades  [6]. Of
ll positive  BCs,  30%  (676/2233)  were  false  positive
Cs, as  deﬁned  by  our  criteria,  conﬁrming  ﬁndings
y others  [2,3,17].
While  adherence  to  evidence-based  best
ractice when  collecting  BCs  is  supposed  to  be  the
tandard  of  care,  compliance  might  be  unsatisfac-
ory, and  the  high  BC  contamination  rate  might
e a  result  of  a  lack  of  training  and  education,
ack of  surveillance  and  monitoring,  inadequate
tafﬁng, shortage  of  materials,  or  the  use  of  poor
uality  materials  [10].  Moreover,  the  majority  of
ospitals in  the  developed  world  utilize  a  dedicated
eam for  BC  collection,  which  is  considered  to  be
ost effective  [18].  In  our  locality,  the  use  of  a
ell-trained dedicated  team  to  collect  BCs  does
ot appear  to  be  the  standard  care  in  all  cases,
specially in  smaller  hospitals.  While  it  is  not  new
o show  that  educational  intervention  reduces  the
ontamination  rate,  the  present  study  assessed
taff knowledge  and  training,  availability  of  a
lear protocol  or  policy,  currently  used  practices,
ontamination rates,  and  the  effect  of  educating
taff nurses  regarding  the  contamination  rate.  It
s unlikely  that  this  is  a  problem  in  one  hospital;
nstead, it  might  represent  a  common  background
roblem in  hospitals.
In two  studies  that  aimed  at  demonstrating
he clinical  and  economic  impact  of  contaminated
Cs, contaminants  were  associated  with  increased
ength  of  hospital  stay,  by  1  day  and  3  days,  and
dditional hospital  charges,  by  $8720  and  $8750
er patient  [13,17]. Similarly,  a  case—control  study
howed  statistically  signiﬁcant  differences  between
alse positive  and  true  negative  results  in  the  mean
w
p
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ength  of  hospital  stay  (5.4  days)  and  total  costs
$7502)  [19]. By  using  the  estimated  cost  of  $8000
er false  positive  BC,  the  difference  in  hospi-
al costs  in  our  institution  between  the  6-month
re-intervention  period  and  the  6-month  post-
ntervention period  is approximately  1  million  dol-
ars ($2,448,000  vs.  $1,440,000).  Even  though  the
verage contamination  rate  only  decreased  slightly
rom 8.1%  to  5.2%,  the  expected  savings  were
mpressive. More  than  7560  BC  sets  were  collected
n our  institution  in  2011;  at  least  612  sets  would
ave been  contaminated  based  on  an  institutional
ate of  8.1%.  A  reduction  in  the  contamination  rate
o 5.2%  would  eliminate  more  than  219  contaminant
ultures, with  potential  savings  of  $1,752,000.
Maintaining  acceptable  BC  contamination  rates
an be  quite  challenging  with  healthcare  profes-
ionals from  many  different  backgrounds  now  draw-
ng blood.  A  recent  systematic  review  concluded
hat venipuncture  and  the  use  of  phlebotomy  teams
re effective  for  reducing  BC  contamination  rates
nd are  recommended  as  evidence-based  ‘‘best
ractice’’  [18]. Several  studies  support  that  phle-
otomy teams  are  not  only  cost-effective  but
ost-saving  solely  based  on  reduced  BC  contami-
ation, driven  by  reduced  hospital  length  of  stay,
harmacy,  and  laboratory  services  [3,12,13]. At  our
nstitution, using  the  estimated  additional  charges
er patient  associated  with  a  false  positive  BC,  the
stimated  savings  per  year  achieved  by  the  inter-
ention  would  counterbalance  the  cost  of adoption
f a phlebotomy  team,  considering  the  relatively
igh contamination  rate  with  the  current  practice.
The cost  analyses  in  the  present  study  are  limited
ecause they  were  based  on  studies  conducted  in
he USA  and  UK.  However,  the  cost  of  recruit-
ng a  phlebotomy  team  is  expected  to  be  lower
n less-developed  countries,  such  as  in  our  local-
ty.  In  addition,  this  quality  improvement  project
id not  involve  a  control  group.  Our  initial  effort
as to  educate  nurses  on  proper  performance  and
rovide guidelines  for  appropriate  procedures.  To
he best  of  our  knowledge,  this  is  the  ﬁrst  report  of
 hospital-wide  educational  intervention  targeting
ll practicing  nurses  to  reduce  the  contamination
ate. Despite  this,  the  contamination  rate  remained
bove the  acceptable  standard.  Although  educa-
ional intervention  reduces  contamination  rates,  it
s harder  to  educate  and  follow  up  a large  num-
er of  healthcare  workers;  because  nurses  are
nderstaffed  and  extremely  busy  with  their  clin-
cal responsibilities,  they  are  unlikely  to  comply
ith  the  recommended  best  practice  BC  collection
rotocol. In conclusion,  the  increase  in  patient  suf-
ering and  excess  costs  caused  by  false  positive  BC
upport  the  use  of  substantial  measures  to  decrease
[[
[
[
[
[
[
[
[
[74  
the  rate  of  contamination,  including  the  use  of  a
dedicated  phlebotomy  team.
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